AIR SIL;FETY BOARD
REFORT

TO THE CIVIL /ERON:.UTICS AUTHORITY
AS 4 RESULT OF AN INVESTIGATION OF .. ACCIDENT INVOLVING LAIRCRIFT
Accident inwlving wirercft NC 13727
of Broniff Airwys, Inc., ncor Okln-
homa City, Oklrhonn, MME_

An aceident involving cireraft of United Stotes registry, KO
13727, whilec opurcting as Trip Onc of Broniff Airvmy:s, Incorporated,
of Morch 25, 1939, hoving cccurred in the vieinity of Oklrnhomn City,
Oklohoma, on the 28th doy of March, 1939, with the rosultont destruc-
tion of the alreraft, fotal injurics to eight persons avonrd, cnd
scrious injuries to the remaining four occupants, the Adr Safety Board

- of the Civil Acronnuties fAuthority on the srme day dirccted that full
and complote investigotion of thoe nceident, vursunut to the orovisions
of Scetion 702 (a) (2) of the C€ivil Aeroncutics Act of 1938 {52 Stnt.
873, 1013}, bo immediately bepun, and thot the facts, conditions and
circumstances relating to thw 2ceident and the probobloe causc thoreof
be determined. It ﬁ:‘.s further ordercd thot the investightion include
such ficld investigation and ruscirch and such public or private henring
or hearings os night be eensidercd nsecssary.

For the purvposc of ecorrying out the cbhove order, the ir Safety
Board designoted R, D, Hoyt, Chicf of the Investigation Division of
the aAir Safety Boord, os Investigotor in shorge, ond Rebort . Chrisp,
Senior attorney Exqminer, Exsminers Scction of the Air Safety Beard,
as legrl adviser to the Investigator in churge during e ficld in-
vestigation and as Examiner ompowsrcd to order and con-du‘t such publiie

or.privato heering or hearings in connecetion with the investigntion
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as the Board might dircet. It wus further ordefed thet Mr. Hoyt o.nd.,-
Mr., Chrisp be nssisted and advised by W. S. McDuffoe, Excoutive Offi- -
cer of the Air Safety Board, Phil C, Salzman and Goorge W. H?lecin;.s,
Power Flant Enginovers, Air Sufoty Beard.

The invostigation, reseurch und‘henrings' worc carricd out under
th¢ dircet suporvision of Thomas 0. Hardin, Viece Chairmen of tho &Lir
Safety Boerd.

Investigation of the zeeldent was bogun on the 26th day of Mareh,
1939, by thu above-nsmed personnel snd the public hoaring in conncetion
therewlth wos tompornrily delryed pending improvencnt in the phyéics-_.lr '_
condition of survivers of the sceident. | .

4 public honring was ordered and held in the City of Dalles, State
of Texos, om the 8th and 9th doys of June, 1939, ond wes subsegucn’cly
rcopenied by the Heering Exanincer in the City of Washington, Distriet of -
Colunbia, on the 27¢h day of Junc, 1939, | |

Hoving considercd the evidence ndduced during the invcstigatioﬁ.;
-,the following fnets, conditions, and circumstances rolai-:ing to the -:_1_::,0‘1--
~dent :‘Lﬁgi conclusion ns to thc probable cause thercof arc hercby rcpgrteé; .
and. recommoendations, which, in the opinion of the iir Safoty Bcam-d,wil’lﬁ
tend to prevent similer neeidonts in the future, are herehy made to Vti'hc

Civil Ac¢roneutics authority:

FiCTS, CONDITIONS, :ND CIRCUMST:NCES

Braniff Airways, Incorporated, o corporstion orgenized and c::-’:i—isting 7

under ond by"virrt:ue of the laws of the State of Oklshoma, h&vin_g'duijr-:_:"':_jzi

filed applications for certificntes of convonicneo cnd necossity -over

ecricin routes in accordnnco with tho pertinent provisions of the Civ
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feronautics Act of 1938 and regulations issued thereunder, vms oper-
ating at the time of the accident as an air earrier engaged in inter-
state nir trrnsporteation., Subscquent to that date, a certificate of
public convenience and necessity ﬁas issued by the Civil Aeronautids
fthority to Braniff Airways, Incorperated, aubthorizing it, subject to
the provisions of such certificate, to engnge in airrtranspor£ation
with respect to persons, property snd meil via certain named inter-
medizte points betwoen the terminals of Chienge, Illinois, end Dullas,
Texus. | |

Adreraft NC 13727, operated on the flight, wes a Deouglas Hedel
DC-2, menufactured by the Dourlas aireralt Corporation of Santo Monieas,
Californic. This model is approved by tho Civil Aeronsuties futhority
for air carricr operstion over the route flown by Bronifd firwoys, Inc.,
with on appfovcd gross weight of 18,200 pounds. It wes powercd with
two Wright Cyclone Bngines, Modol GR 1820 F 24, and Hemilton Strnderd
Controllable Pitceh (two—poéition) Proéeilers, hub models ZE-50, tnd
blade models 6111-6, According to the bustimony of Stanley Shatto,
Supervicer of Muintenence, Braniff iirwnvs, the iéft,enginz had a'totﬁi
time of 5,142 hours and 15 miﬁutcs; 5nd had opuratsd 294 hours cnd 57
minutes since the lest overhaul, ﬁhilc the right engine had o total
time of 5,511 hours and 11 minutes, and hed cpervted 397 hours and 8
 minutes since last ovvrhaul; Owverhaul pericd on this tywe engine, op-
proved in the M&intunanca:Comﬁctoncy‘Letter issued to Brapiff Sirwnys,
- Ine., under date of July 11, 1938 ny the Bugcau of Aty Commerse ond
subsgquently adonted by the Civil icronnutics futhority, is 525 hours.

The orew consisted of Caétain.Claudc H. Senton, First officer
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Maleolm Wallace, and Flight Hostess, Louise Zarr. Captain Sceton had
nccumulated a total of approximetcly 9,080 hours flying time of which
ebout 4,500 hours werc flown at night, and approximetely 1,255 hours
in Douglas DCe8 circraft., First Officer Maleolm W&llncc‘ had agcumu~
latcd o totﬁl of 2,244 hours flying timc, of which 526 hours Wore in
DC-Z aireraft, Both airmen werc possessed of reguired ratings ond
Cortificntes of Competency for the flight and equipment involved.
Miss Louise Zarr, 25, of VWirco, Toxas, wos cmployed by Braniff Alr-
wﬁys in March, 19%7, and had scrved os Flight Hostoss for approximate-
ly two years,

Braniff Airways Trip One of March 25, 1939, schedulcd to opernte
between Chicago, Illinois, and Dallas, Toxas, with scheduled inter-r
mediatc stops ot Kansns City, Missouri, Wichita, Kansas, and Okla-
homa City, Oklahomn, departed from Chicago at 9:20 p.m. (CST), after
o twenty-minute delay dueA to connoctions. The tr-ip proéccdcd nor-
mally from Chieago to Oklahoma City, making rogular schodiled stops |
at Knﬁsas City, Missouri, £nd Wichits, Konsns. A short time beforer
the t'ri;-r errived ot Oklahoma City, Coontain Secton wes asked by the |
Delles Dispateher "whethor the airernft was OK to procecd to Browms-
ville, Texas." In reply to this messapge the pilot reported, "Ship
OK", The maintenance and overhaul shops of Braniff Alrways cre
loentud at Dallns, Tuxns, ond it is custommry to reguest a rdport on
the ewndition of nll aircraf_‘t prior to arrival at that point in
order thot they my be _oleared for further usc if dosired,

The trip acrrived =t Oklohomn City ‘lat 2:37 a.m., hoaving mnde up
& miﬁut;as of the 20 minutes lost at Chicngo, and doparted rt 2:42

n.m., after being properly cleared by the Dallas Dispatcher. &%
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2:41 a.m., the United Stotes Henther Scquenes Henort drowed the
weather ovor the route to be flow Lo be as follows:

_Cklahome City, instrument weather, cciling 700 feet, over-
cast, visibility 12 miles, light roin, tempercture 55, dew
woint 55, wind north 8, boromcter 29,52,

Ardmore, cciling unlinmited, thin senttercd clouds at 930
fect, visibility 15 miles, iemperature 58, dow noint 56,
wind cast-southenst 3, barometer 25.57.

Geinesville, ceiling 1200 feot, overcast, visibility §
miles, temperature 66, dew point 58, wind south-~southwest
8, clouding is changeablec.

Dallas, contaet weother, c¢ciling 1600 feet, thin broken
clouds, visibility 10 miles, temperature 65, dow point 63,
wind vest-socuthwest 6, boroncter 29.59.

Fort Worth, contact wsather, ceiling unlimited, seottered
cleuds =t wiGO fret, visibility 7 miles, tonmorsture 80,
dew noint 58, wind wosh-northwrost 12, brometor 29, visi-
bility vurisble, Zonot (ultrs high freouency zonc v rkor
inonerntive).

At the tirw of departure from Oklshoms City, the gross weight
of the aireraft wos 17,583 nounds inmcluling mnil, enrgs, 360 gollons

of fuel, and the following nassengers vho gave their ridrosses as in-

Mr. C. E. Erickson, Pensodent Company, Chicage, Illinois;
P. E. Smith, Corpus Christi, Texaos;

P, T. Bates, Thompson=Bn & Sons Co., Denvoer, Colorado;
Miss J. Allen, Evanston, linois;

B. Grossmon, 24 Fox Avenue, Aurora, Tllinois;

J. Caric Galleon, Mexico City, loxicos

B. Ceplon, 2136 E. 75th Street, Chicozo, Illinois;

drs. E. Henkley, Port Isabel, Texas; and,

iiss Georgin Shelton, Honhriton, Kensos.

ot 0
Qo
—om

The cireraft storted the toke-off from the south end of the north-
south rumvey chout 2:45 c.m., and crossed the north bauwndnry of the

ficld in & normal climb. ieccording to thoe tcstimar:j-— cf Captain Serton
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end First Officer Wallrce, the manifold pressure on the left c-ngine-
dropped noticeably just after pnssing that ppint. Captain Seaton
throttled thet engine slightly cnd continucd to climb straight ahead.
Since the trouble in the cengine apposred to develop rapidly, attended
by considercble noise and vibration, Coptain Seaton ordered the First
Officer to cut the fucl suplly to the left enginc ond to notify the
airport thot they werc rurt'urning. The First Officer opercsted the
fucl sclector velve as dirceted, snd rediosd as follows: "Turn on
the light OK @ity we arc coming in." Following this hc opened the
cover of the cmergency control box ond set the firc cxtinguisher
sclcetor contrel welve on tho left engine ns o precautionary moosuro
in erze of fire.

After rcaching an altitude of approximrtely 500 feet, Captoin
Soeaton tu.rned the eireraft o the northwest, loveled out, ond hended
into the wind. At this time therc was considerablt-; noisc in the left
engine, but the airceraft wns under contrel end opernting satisfactor-
ily on the incrensed power of the right cnginc. .A loft turn of np-
proximetely 115° wos thon mede and the airersft orocceded in & south-
orly direction, well to the west of the west boundary of tho airport,

Coptain Seaton now hed on opportunity to obsorve thot the lower
third of the left enginc cowling wes missing and that the romainder
of the cowling wus disnrronged end demaged, the corncr apprrently
boing bent back. During this time tho fucl warning indiertor light
came on, indicnting that the fuel swply to the le_ft engine was Cx=
havsted. The loft cng ine ﬁas entircly inoperctive ofter that time,
alth'oqgh the propeller continucd to rotate. At o point approximate-

ly west-northwest of the Airport Administration Building, o loud
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commotion set up in the left ungine, necompaniced by severc vibra-
tion from the windmilling prowllcr and huffcoting cnusod by the dise
errcnged engine cowling., This airérnft wos cquipped with 2 single
eontrol loqated in the pilot's cockpit to adjust the plitch rosition
of both propclliers simultonceously. It is nccessary thet the pro-
pcllers be in low piteh position to provide moximwn powcr for toke-
off rnd for single cngine opsrotion. The nireraft yowed violontly
to the lc¢ft and the nir speed dropped from 110 m.puh. o less thm
80 m.p.hy  Coptoin Seaton found that he was wneble to vffeetively
epercte the rudder contrel. He called upen First Officor ¥mlleoce to
assist hin and inercosed the power cutput of the rizht =nginc in @n
cffort to maintuin flight. The usc of additionnl power frem the
right cngine appeared o nggrovate the situation snd tho Conbain
closcd the throttle in an offort to regein control, in order tc of-
feet the cmergency lending which now boeame ineviteble. ?Eilc both
Captain Sceton and Mr. Ericksoen, » passonger who ves soated on the
left sidc of the mircraft, were in & position o gbscrve the oft
ongine, neithor of thom during this poricd locked nt tﬁe enginc end
were unable to testify as to what furthor disarrnngcmoht of the
covling was occurring. Following the yow, the cireraflt wos honded
in o southuastorly dircetion, losing ~ltitude repidly and urdor
only narticl control. The nircrnft eroshed et coprexinately 2:48
f.ms, the aecident resulting in fatal injuries to Flight Hostess Loudse
Zarr o~nd passengers--P. T, Bates, B. Gressman, J. C. Golleon, B.
Coplon, Mrs. E. Hewkloy, Miss Goorgin Sholton snd Miss J. Allen.

Coptain Seaton, First Officer Wellaco nnd passcngafs--?. E. Smith
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and €. E. Erickson sustained serious injurics. The wreckage wns
particlly destroyed by firc vhich originated upon or immediately
aftur inpaet.

Exominetion of the wrecknge nnd surrounding terrnin disclosed
th't the left wing tip strueck the greund ot o point 94 feet west of
the center of & roud which runs prrallel to the west boundory of the
Okichoma City Airvort. At this time the aireraft wos cppnrently
hi-ded in o southensterly dircetion. At o point 2§ feet ¢rst nnd 38
foot south of the point whore the loft wing tip first touchud the
ground, the left enginc struck the ground with eonsiderable ferce.

At 25 foet encst and 19 fout south of this point the nese of the nir-
craft plowed into the ground with suffieiont forec to breok it opon,
ns wos cvidenced by tho boattery parts and dobris which were strowm
clong the pnth of the airernft toward the road, Th‘e left wing broke
eway fron the conter scetion nnd come te rest in the rond 57 foot
south and 94 feet cost of the first point of contact. Both proovellers
with the ecngine gear eascs atteehed were alse feund in the rond.

The left enginé was apporently forn out of the nneelle whon i
first struck the ground. It continued on nnd eome to rest, scmerated
from the airerclt, spproxismtely 51 feet vast of the rocnd, Tho 2ir-
ernft bounced, rototing te tho loft, clenred the fenee orn the west side
of the rond, cnd eaw to rost hooded in o westorly direetion, approxi-
nately 219 feet cast of and 82 fect south of the point wherc the left
wing had first contneted the growmd. |

Tho right enginc eamc o rost necr and 4o the loft of the nose of

the airernft, apparcntly having boen torn away from the nncelle 2t the
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poeint of finnl impact. The onbin and wing center scetions were
destroyed by fire; the right wing tnd tail surfaces, ©s well as the
dctoched loft wing, were not burncd. The oil tonks werc torn loosc
and camo to rest 205 feet and 270 foet respectively boyond the
wreckoge of the nireraft. The evidonce- indieated thot fire resulted
from oil D.nd/or gr.soline being spilled over the hot oxhnust collector
ring of the right enginc and that therce was o considerable lopsce of
time, three minutes or more, nfter the eresh before o firve of oy
consideroble mognitude developod,

The tail group control surfrees were intaet ond undmmnged, ox-
cept for abrasions which were probably cruscd by flying debris
resulting from the crash. The rudder sontrol t2b was st in noutrel
ond =ll eontrols appsarcd to hove bsen fune®ioning normelly rriocr to
the impact.

One surviving passanger testified thot before he was able o
release his safeby belt and extriente hinsclf from the wrcckage
there wns fire in and around the right enginc and rlso aleng the
cdge of the left stub of th-c wing conter scetion ncor which the
-right cngine camé to rest. The othor surviving passengor, who alwo
hed considerable difficulty in frecing himsclf from his scat and
scfety belt, testified thot fire inside the eabin followed 2 snall
stream of grsoline which apparently originated in the vieiniby of
the pilots compartment and ron down the nisle., The ovidenee cleorly
indientes thet the two surviving passcngers did have grent diffienlty
in relensing their safuty bilts cnd thet as 6 rosult they susteined
scrious burns while extricoating themsc’lvc:sr from the wreekoge. Ab

- lenst onw other mxssenger was clive end eonscious Tnllowing the cresh,
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clthough it is not known whethur this person wos able to moke any ¢f-
fort to leave the aircraft.

The snfety belt on this type Douglas DC-2 aircraft passes through
o elip festenor leoecntud under the ehair crm on the risle side of the
scat. The relonsc eamot be cosily reached except with tho nenr hand,
ond its position doss mot lomd itself to quick manipuletion during on
cmergency . Exmminction alse reveals that this rclensc coculd cosily
be jommed by partinl ecllapse of the sent structure.

Examination of the cngincs at the scens of the sceeidont diselosed
that No. 6 cylinder was missing from the left cngine. As o result of
this discovery, n scarch for the missing cylinder was madc clong the
probablo flight ponth of the aireraft. This cylinder was found aboub
2,800 fect north of the north boundary of the airport and 850 feet
wost of a projection of the conter line of the north-south runway. A
folt pad tnd rocker box cover and the outer onginc cowl cable were
found n few feot from the eylinder. The picee of enpginu cowl ring
which had beocn carrivd cwny by the eylinder wns found 2,549 fuct north
of the north boundery ¢f the airport snd 621 foot vest of o projection
of the eenter line of the north-south runwey. .A pressure bafflc was
tlso reeovercd within 156 fout of this picee of cowling., The pisten =f ..
No. 6 eylindor wos found 3,393 fuet north of the north boundary »f the
airport and 2, 0C3 feet west of a projection of the ecntor line of the
north-gouth rumwany. 4 smell picee of this piston was picked up 341 feet
west znd south of the piston. Fronm the location of these perts it was
indicated that the aireraft wns traveling in a northwestcorly direc‘tion-

ot the time these parts were fulling from it. The prebable flight



vath ¢f the elreraft as :'Lndic'f.!.to.-,d-by the poesitions of recosvered
parts, and by the stotements of various cyi-witnssscs, is ottached
horeto and designoted as Avpondix “AY,

The enginc and propellers were removed to the Conmpany overhaul
shon af Dellns, Toxes, where both engines were dl sassenbled and |
ins»ceted in the presonce of officicls of Brandff rirwnys and renre-
sentatives of the cagine momufacturers, the Civil Aeroncutics Awth-
ority and the Air Safety Boord. |

Both engines hod bewn considorlably gamcged by impncet with the
ground, The front geor coase of onch enginc had bocen broken off when
thoe propellers struck the ground. During this insncetion it was found
that nll hold down studs of ¥:. 6 eylinder on the loft engine hed boen
broken off, cnd that the cylinder, in parting from the ongine, caused
the destruction of the piston and batturing of the Wo. 6 articulnted
{cennocting) red. |

Exrminction of the broka studs with o« binocul r miercseopc dis-
closed ovidence of progressive fobiguc froctures in coch stud. The
erankensc nnd displaycd evidonce of scuffing duc to loosencss of the
eylinder on the pod.

'Previous to the 1nst mr;crhaul of the left engine the manufucturcr

had reeormended thrt engine hold down nuts sheuld be tightened by the

usc of o enlibrated tofque wrench.  The rceoermended force to be used
to tighten thesc nuts wns 425 tc 450 inch pounds as indicated an the
dial of the torgue wrench. A1l eylinder hold down nuts had boen

tightened in aceordance with this reconmendation when this engine

wns lost overhasuled.
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During the disassembly of this ongine, after the necident, the
position of ench hold down nut on No. 1 cylinder and No. 5 cylinder
wns merked and as ench nut woas loosencd the torque foree required
wo.s recorded, | The hold down nut wns then tightencd to its oriminal
position and the foree requircd was also recorded. Thg‘: held dovm
nuts of the ramnining cylinders were 1nosenca by the use of o torque
wrench and the force requ‘ir"ed was recorded,

Similer studics were made on a number of other cngines of tho
somme medel which were in the shon at that time, some of which hnd
run a full ovg-rhﬂul poriod, snd the results of thesce tests were
recor ded for enmpariscn with the results observed on the engine.
which failed. |

It wos found during these tests thot thure was little uni-
formity in the tiphtness of nuts on any of these engines, and that
there seemcd to be no ngteri;:l tiiffuronco ir. the degree of un;"Lf'rf:rm-r
ity betwuen thosc which hﬂc-i bucnn tightencd by the use cof o torquer
wrceach and thosce which had besn tightencd without the torgque wrench.

It was clso found th_.f\t the hold dovn flonges on a number of
cylinders removed from those engines were not perfectly true,
which cndition eould account for the lack of uniformity of tisht-
ness of thoe hold down nuts c¢f these porticular eylinders.

- At the time the necident occurred, Breniff Airwoays weos in
the proccss of installing new cranl-:cascsr on all its ‘-‘-.Irig;h't Cyclone
Enginés; _Thié replecement cronkerac incnrporat;;;-ﬁ a new tyne
cylinder Huli devm stud :‘.ndlnut which is locked by meions cf‘ £

_strinless stecl safety wire instead of & Pnl Wut. Since the
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accident, this modifietion hes been completed on 211 Wright Cyelone
'Enginos oporated by Braniff Afirways. Repeated fadilures of cylinder
hold down stulds revenled by this :nd other investigontions of similer
seeldents indicente, hawicver, that both the ovld and new mothods above
deseribed of attrching cylinders to crunkcasus uf this tyuwe engine
ars inedequite te meet current wir scarrier onernting conditions.

The crankease and eylinder held down flenges of cylinders Ho. 5
and 6 of the left engine were sent to the National Burcau of Strndards,
D.:mrtmopt ﬁi‘ Cormerce, ¥nshingten, D. €., fér exeminotion and report.
The r;;pcyrt of this agoney is nitrched hereto and designnted as Anren-
dix IIB"'

Further investigotion of accidents expericenced by vnrious air
ecerriors doveloped the Inct that on engine fuilure involving an iden-
tical type cireraft, which was being flown in scheduled alr ecorricr
service, occurred om Decermbur 2_2, 1938.

At the time this failure oceurred, the circraft wos being flown
et oan indicnted altitude of THQO foet. Weothor conditions were ggood,i
with unlimited visibility. The No. 6 cylinder of the left cngine wos
forced off, corrying withbit th: lower one~third of the engine ring _
eovwling In & similer mennor to the £o2ilure onraircraft HC 13727.

The pilot in this instance twimusd the aireraft for single vn-
gine nerformance and started f‘r_-r- an cnergency field, which wrs z‘.ppro_xi—
mately 15 miles distamt. Vithin onc to cnc and cne-half minutes
after the foilurc, the rfznrlining cowling slipnod bocek on the sngine

and flarcd out in front, ereating o tremendous drag on the left side

of Tthe eireraft. Terrific vibration and buffeting sct up immcdietely

N
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ag a result of the continued rotation of the propeller on the in-
operative engine and the displacement of the cowling, making it im-
possible to maintain control by using eny appreciable amount of pawer,
This condition was -aggravated due to the fact thet both propellers
were operated by a single-propeller piteh control, located in the
pilots compartment, which would not permit placing the nropeller on
the inoperative engine inrhigh pitch. Even with the right engine
throttled, flaps fully extended, landing gear dowm, and an indicated
air speed of only 90 m.p.h., the vibration and buffeting continued
to such extent as to make it extremely diffiéult to maintainscontrol,.
However, the altitude at which the failure ocourred was sufficient
to permit the aireraft to glide to an emergency ficld where a safe
landing was effccted.

Examination of evidence on file with the Air Sdfety Board reveals
that during the pust fourtecen months four otherAaccidents have oc-
curred in air corrier operations £s the result of engine failure
which affected the econtw llability of the aircraft in a similer men-
ner. In none of these esscs was the cireraft equipped with full
feothering propellers or other mcuns of stopping the propellcr from
rotating, thereby eliminating vibration and rcedueing drag after the
engine has consed to function.

In the first of these accﬂdants, involving a Douglas DST, a cylinder
feilure cceurred noar Cleveland, Ohio, on Moy 24, 1938, resulting in
the destruction of the sireraft and fata) injurics to eleven occu-~
-pmﬁ& 7

An eceidont involving a Douglas DC-2 aireraft oeccurred on
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gctober 18, 1938, at Montgomery, slebeme, when the hold down studs
failed on No. 6 eylinder of the right cugine., Although there was
no loss of 1ife, the pilot was painfully burned and the aiforaft
destroyed by impact and firec.

On Decembor 22, 1938, No. 6 cylinder of the left cnginc on a
Douglas DC-2 was forced off following stud fazilurcs, and a safe
landing was cffected ncar Hayesville, Ohlo, after serious difficultics
were cxpericnced in the control of the aireraft. A detailcd deserip-
tion of this accident is included in this report.

0f particular interest is the ineident involving another DC-2
aircraft which occurred near Kensas City, Missouri, on July 15,

1939, indicating thet cven the installstion of brakes on the nro-
pollers would not climinate 21l the hazards incident to single-

engine operation under the conditions outlined above. In this
particul<r instance, the engine ”seizc@" aftur foilure, completely
locking the-propollcr. The drag resulting from the resistonce pro=
duced by thc‘flat surnee of the blrdes ogainst the cir stroam
materially decrensed the controllability of the aircraft and pre-
vonted the pilot from sustaining level flight pbove 2,500 fout,
cven with the operative enginc under full power.

Four out of five nireraft referred to abovu Wore cquipped with

Wright Cyclono enginos, Model GR 1820 F 24, and controllable nitch

(two-position) propcllors. The fifth was squipped with & Pratt and

Whitney Wasp (twin-row) engine, Model lB?DB, and constcnt spced pre-

pcellers.,
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SUMMARY OF FINDINGS
1. Alreroft NC 13727 was certificnted as airworthy by the

Civil Aceronmutics Authority, and had becen inspected and maintained
in accordance with the currently affeotive Alr Carricer Onersting
Cortificate of Braniff Airweys, Inc.

2. Both airmen held required ratings and Certificatus of
Competency for the flight ond oguipment invelved, and vere author-
ized in the ‘ompany's ecurrently effective iir Corricr Operating
CGertificates for serviee over the route of Broniff _J‘L:‘Lrw.fays Trip One
of March 25, 1939,

5. Bromiff Adirways Trip Onc of March 25, 1939, was properly
dispatched from Chicago, Illinois, and was subscquontly clenrcd
from Kensas City, Missouri, Wichita, Kansms, and Oklzhoman City,
Cklahomn, in ncecordance with npproved Company procodurc ond cur-
rently effvetive Air Carrier Operating Certifiecte issucd by the
Civil Acroncuties Authori ty.

4. Thoe weather ot Oklshomt City, Oklahomn, at the time of
doparture wos instrument wlc-athcr, 'oo‘iling 700 foout, overcast, visi-
bility 12 miles, light rain, tempurcturc 55°, dew point 550, wind
north 8 m.p.h., borometer 29.58.

5. The airecraft begen its toake-off from the south end of the
north-south rumway of tho Oklahoma'City Municipal Airport at 2:45
femma, (CST), end the trke-off and climb were normal until the air-
ernft had pesscd the north boundary of the airport.

6. Immedictely after pnssing the north boundary of the onir-
port and at en altitude of approximately 100 feet, o pﬁ.rtial loss

of power occurrcd in the left engine.
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7. Subsecguent to resching an clfitude of spproximmtuly 500
foet, a turn woas mode to the nortlwest. D;Jring this turn the No.6
cylinder of the laft cengine woes foreed off ond fell élc--ar of the
aireralt, ct;rrg*ing with it the lower one-third of the engine ring
éowl. Immcdiately foilawing this, the piston wns clso Thrown clecr.

B; fi trn of npproximotely 11150 wos then made ond the nireraft
proceeded in & southerly dircction.

9. At o point west-northwest of tho I-;irpor‘bA Administretion
Building, there wos o further disploacement of t‘nc cnginG cowling,
his displocement cousced o buffoting cffeet of the wnireraft, accom-
panicd by scvere vibrotion produced by fhe continued rototion of the
vropuller on the inoperotive ongine. This offvet of those forees
combined with the neeessary rudder ~rd cileren control required 4o
maintein direetion, resultcd in such drag thet tho aireraft yawcd
violemtly to the left ind staulicd, from which sttitude the pilot was
uneble to rocover before the cireraft siruck the ground.

10. The sirernft croshed ot 2:48 c.a. '(CST), at o voint 119
feet west of thoe west ‘aomld:*.i*y of tﬁc airvort, cnd 2,004 fout north
of an extunsion of thc south boundary, snd Vc:‘me to 'r;;s{:- jus®t inside
of the aimeort.

11. The neecident resultcd in destruction of- the rirceraft by
impact end fire, fotal injurics to Flight Hostess Lbuis-o Zarr, pos-
sengers=-=F, T. Betos, B. Gz;ossman, J;. C. Gnlleon, E. {-‘,oplon,- Lirs.
E. Herklcy, iMiss Goorgin Shelton nnd Iﬂiés J. ﬁlleﬁ, rnd sbfiousliﬁ-
jurics to Captﬁin Clavdc H. Senten, First Officor Welcoln Z«‘;"ailacs> and

passcngers--P. I, Smith ond ¢. B, Ericksn,
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12. The fire, cppercatly rosulting from oil end/or fucl being
spilled over the hot cxhaust eollector rirng of the right ungine,
partially destroved the wreckepgy.

13. The failurc of the loft engine roesultid from progressive
fatigue fracturcs of the hold dovm studs of No. 6 cylinder.

14. The propeller pitch econtrol mechanisms on this aireraft were
operated by o single manual coz:trol loczted in the pilots comnartment.

15, Threc of the five instances of cngine failure included in this
report were coaused by the failur-c of the cylinder hold down studs of
No. Glcylindep; cnother, by the failure of & cylinder barrel, ond the
fifth by & broken oil linc causing the engine to "scizo'.

16. The investigotion of thes. asceidents indicates thot the diffi-
cultics exporienced in nointeining control of the cireraft subseguent
to the lro_ss of powsr from onmc enginc, two of which instences resulted
in dostructioﬁ of tho aireraft cnd loss of life, nnd = third in the
dostructiop.of the airernft, mizht hove bown cverted throush the use
of f‘urll féath'c-r-ing propellers or similar propellor control mechoniswms
on thu aircraf-ﬁ involwved.

PROBABLE C.AUSE

4 8tall, induced by = viclent yaw, rosulting in loss of contrel
from which the pilot wos unable to rceover.

CONTRIBUTING FAiCTORS

| 1. Failure of hold dovn studs on the No. 6 cylinder of the left
engine which resulted in the c:ylinde_r being forcod _6ff‘, carrying with
it the lower third ﬁf the engine ring cowling. |

2. VDi-splacemcnt of the rcmaining portion of the left cngine ring 7 ;-

cowling, which caused buffeting, nes 2 result of disturbances of the air



- 19 -

flow over the tall surfaces, and incresscd the drag on that side of
the eireraft.

3. Sovere vibration induced by the continucd rototion of the
pronpgller,

4. Lack of individusl propuller pitch controls vhich woull heove
permitted the pilot to inercase the pitch of the prepcller on the
iroperotive engine, thercby I-'c:ducing the spued of rotation rnd con~

scquently the vibretion from the cffcet of "windmilling".

RECOEQJENDI‘LTIIONS

1. In view of thce faet thnt o knowm ond cpproved menns of climinoting
the hnzards ineident tc the continued "wind-milling" ond resistence of e
propeller on on inoperetive engire 2lready cxists, end thot such mochen-
ismg are presontly available for the mejority of the tyncs of multi-engine
aircraft currently uscd by alr carriers and ean be na’lo aveiltble for all
such typcs within the rcoosonably necr future, it is beliov_cd th~t the
five cxperiuvnecs enumernted in this roport--all of which hove oceccurred
within the last fourteen months rnd four of which heve occurrcd sinc
the crection of the Civil .swronmuifics Juthority end the idir Safity Roard--
sufficiently indiente the prossing neud for immediate nloption by the
Civil ‘eronmouties Authority of the following revcomendation:

That the Civil eronauties ,uthority require all mlti-ongine cir-
ereft overcted by all cir ceirriers in the transportction of nussengsrs
in interstate, oversens and/o_r foreign eir commerce, to bo cquipned with
full feathering propellors or other propeller control mochanisas which
permit the pilot to comnletely stop the rotntion of any nropellcr in

such an attitude as to afford 2 minimm of resistonce. It is further
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recommended that the Civil Aeronasutics Authority require the installa-

tion of such propellor econtrol mechanisms on ell aireraft above des-

eribed on the earliest date or dates possible under existent circumstances.
(It is, of course, recognizcd that the installation of full feathering
pronellers hos already been conpleted on a number of air carrier airereft
by séireral air carriers, ond that this rccommendation as a practical

metter will affect only such air carrier aireraft s have not nlready

been so equippcd)r.

(Note: 1In order to expedite this safeguarding of life
and property in air transportation, it is suggested that the
futhority in fixing and determining fair and reasonable rates
of compensation for the tronsportation of mail by circraft,
give due consideration to the expense thut would be incurrcd
by air carricrs in complying with this rcequirement.

It is of interest to note in connection with this recom-
men&ation, that it hos long been the ustab-lishcd policy of the
Foderal Government to ricoisnize and aceopt responsitbility for
finencial t;urdens impeoscd unon uir enrriers in the enferced or
recommenided adoptlon of lnown technicnl improvemsnts material 1y
inereasing the efficivney and safety of commercial cviation--
evon long prior to ennctment of Scetion 406 (B) of the Civil
feronsutiecs ict of 1938 which rcquircs the Civil .J'Loronaﬁtics
Authority to consider, as an clement in the establishment of f#ir
and rensonablc rates for the tre;nsportation of manil by pir-
eraft, the smount which, "#% together with all other revem:-le
of ‘l::he air carrief," would " * * onable such nir ecarrier under

honest, sconomiecal, and efficicent menagoment, to mointain and -
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ccentinue the development of r~ir tronsportation to ths extont
and of the cherneter and ‘qualiw required for the commerce
of the United Sualos, the Postel Scrviee, ond the mationnl
defonsc. " An illustration of this pelicy was the éontinuc:dr
peyment by the Post 0ffice Dumrtment cver & purind of op-
proximately four vears (1930-1934) of 6 cents por milc com-
pensation to air carricrs, in adiition to the tasie contrect
rete for the transportation of mail, prowvided the carricrs
employed airceraft couipped with two-woy rrdio. Thet such
action by the Federnl Govermment is directly rcesponsidle for
the sdoption nnd use of costly eormunicrntion cquipment in air
carrier airoraft, and thnt it has been roflsctod in the amezing
advancenent of American air trunsportetion's efficicricv cnd

safety 4.5 beyond question. Recouse similar resulbs Incvitably

%
&

would attund the instnllation of full-fenthering Vprqrv-;lh:—rs

or similt;r propeller control sigchonisms, the irmedicte dontiom

of the above recomadation in this regard ernneot he urged tes

strongly.;

2. It is recomended that, nrior io the installotion of p:ropellcrrs,
of the type horvinabowve deseribed, the Civil icroncuties Authority ro-
quire the installation of a sepernts menual control for ench nropeller
iﬁ 21l air carrier airorsft cgquipncd with combrollable bi‘tch p:*op-;llcré,.

3. A recommendntion was made to the Civil réleronnutiés futhority by
the Air Safety Bonrd under dntc of October 31, 1938 that the Civil Aero-
nauties Authority rcqulre, a sﬁbstnﬁtinl reduction in cngine po¥er oul-
put of air earricr aireraft in all cases vhefc thoere W»ash renson te helicwe

that safe power limits were be ing exeecded for tikoe-off, c¢limb or



- 22 -
cruisinz. It is undurstood thot the rnjority of the air carrivrs

veluntorily made ruductions in wngine power output during the 1936-1939
winter opu—rationsr but th-t 116 oifficiil aection wes tken in this regnrd
by the Civil Acronnutics Authority. Sinee, fron the point of viwvw of
saficty, an exeussive nuwrber off fwechinienl ond struetur 1 pover plont
frilurvs have ocourred both bofore arul cftor Detobur o1, 1930 «wsore of
ther rosulting iﬁ ioss of 1ifc rnd dustruction of cirercft -- the desire-
bility of rodueing currently apnroved ratings for povor »l nts uscd in «ir
enrrivr :tii"crr-.it, particulrrly during trko-off ond initinl clinb, is
cilonrly indiectod, nnd it is hereby ricowwnded that the Civil jScroncsutices
suthority detormine the cxtont of and reguire such reduction.

4. It is rcocommonded that o étudy be nalde by the Civil wreonnutics
futhority of methols now uscd to sceure the cngine ring coviling on the
Douglis PC=2 ond othor vireraft, with o viow to determining the possibility
of fastening the cowling in such o monner os to nrevent the displeccment
of rencining f:ortions in tho uv@nt thnt any one scetion or scvetions is
drmared or eorricdd owey.

5. It is reeommended thot the Civil .crontwbies Authori v roquirc
that =11 nirercft of Unitud Strte.s rgistry be cquinped with snfuty belts
hrring uniform nporoved tyoe quislk-riloise devievs, vhich ldevics, vhon o
safuty belt iz in uwse, shnll be in such position.:‘.n:‘l of such t;y-'}f, that it
con be guickly and uasily; relorscd with <ither hend, It is furthor rocom-
renided thot -this ruquircmcﬂt bu rede offoetive on the carlicst proctienble
daxte . |

f#LLEEJ and HARDIN, menbers of tho Board, concur in the above rc—port_

and recommendrtions.  SMITH, mermbor of the Boord, coneurs in the rorert
3
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and roecommendntions with the cxeeptions below noted:
Exceptions of SMITH, moember -

“hile I coneur in the sgbstm.cc of the findings ond conclusion
as to probable cause contoined in this report, I am ﬁot in agreunent with
certnin portions of the recommendntions as submitted in the Majority Re-
port of the ALir Safety Board.

Reeommendation 1 and 2: I concur in these twe rocommendotions,
with exeeptions below noted, cnd am of the opinion that the futhority os
well as the Industry should give speeinl sttention to this martieular
develoment which is among the many projocts now being stﬁdied by both
partivs.

I concur heartily in the apporent feeling of the other Bonrd
Members thot every reasonable step should ve thiken to insurc rore scfety
ir air tronsportotion but I am uneble o concur in the setion of the
mojority of the Board in moking certoin recomisndotions vwith rofcerence
to the fixing ond dotormining of foir rnd ruasonnble ruotes of compensctio
of the tronsnmortation of meil by aircrnfi.

The Civil Acronauties scet of 193R eloarly vests cexclusively in
the futhority the function of deturmining air meil rotes, ond it is
further my opinion that the Alr Sr;fsty Board's funetion is limited %o the
recoormending of proventive mensurcs and thet it would rot only be unfair,
but that it might even prejvdice the easc tw handican the futhority in
determining the method it shall cdopt im bringing about any suggested
safety measures, for the sir Safety Boord to moke non-pertinent and
alsc limited recommendetions cobviously beyond the scope of Title VIT
of the Act.

Recommendution 3: I concur in tho substance of this
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recommendntion and wish to cmphesize the importence of a practical
solution thereof.

Reocormendations 4 aind 5: I concur in these recoruscndations.

BY DIRECTICN CF TH%: BOLRD

Executivc Officer
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Fig. 2. ~ Microstructure on longltudinal section of one of
failed studs, No. 6 cylinder. Structure is typleal of
unetched and tempered alloy steel. REtched in 1 percent
nitric acid in aleohol. x HOO.

Fig. 2, - Appearance of nomnmetallic incluesione on polished,
unetched aspecimen shown in Filg. 2. x 100. Although -
fairly numerous, the nonmetalliec inclusions are not .
considered to have had any significance to the fallures.
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APPEYDIZ "B
UNITED ST..TES DIPLRTEENT OF COIMERCE
W.SHIRGTOH
Hey 15, 1939
No.TION/L BURE.U OF STARDARDS
Report
on
Exsmination of
Cronkense ond Brokon Hol-i—})oﬁm Studs
Submitted by
hir Safety Board
Civil feroncutics Authority

vigshington, U, C.

I. Introduction

Lt the roeguest of the Air Safety Beard, April 8, 198, ox-
aninations were made of & erankense and two cylinder flanges from
the left cngine of an cirplane of the Braniff Adrvays which had
crashed at Oklahona City cr March 26, 1938.

In the request from the air Safeby Board, the following were
nientioned as specific itums for shtudy:

o. Debormine the eylinder hold-dovm stud, of Ho. 6
cylindoer, which wns the first Yo fril.

b. Deternine the pregrussion of suoceessive stud
failurcs, pruvious to the seporantion of the
cylinder fraa the engine.

c. Dous inspection indicnte that losscness of one
or more of the cylindcer hold-dovm nuts is respomn-
sible for foilurc?
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d. s the Ho. 8 stud er rnut loose provious to
failurc?

o, Where did foilure criginate?

f. Yus any stud or nut loose previous te failure?

g. 4 statemsnt of comparison condition of unfeilced
studs.

h. Photogrnph of fracturcs on studs.

i. Exznine for eracks in studs on other cylinders.

j. Report on reasons for flonge holc distortion in

No. 6 cylinder (Mr. Newbton to furnish dinmensions
and othor observations made at Dallas).

k. Examine, microscopierily, nut seats on cylinder
flanges for lapping snd give interpretotion of
possible ecnuses.

1, Caliver scvercl remaining studs for possible
nermarent sst in undereut suetion and to wstablish
variation in tolernnce in dinension of this scction.

Details concerning the circumstinces at the sceone of the

crash; the construction of the congine; and the operntion and

maintenance of the cngine were furnishoed verbelly by repre-

sentoatives of the airline, the engine manufacturer, the

Civil Aeronautics Autherity end the Adr Safety Board, while

the oxaminctions were underwoy ot the National Buresu of

Stendords .

Photographs showing the condition of the engine be-

fore it was dismentled were also furnished.

According to statuments mode by these representatives, it

had been establishcd $hut the crash resulted from o failurc, in

the air, of the left cngine; and further, that the corplete
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sconration of No. & eylinder frcem the eroank e~sc had causced the
foilure of the engine.
1I. Examination of Crankease ond Broken Studs

Only the crankecasc ond the eylinder flunges from Ho. © and
No. & cylinders werc submitfed te the fationa:l Burcou of Stond~
ards, The appearance of the YNo. 6 cylinder-flonge sent on the
erankcasc is shown, in the condition as reccived, in the phote-
graph, Figure 1, acconpanying this report. It wos evident thet
froeture of the 12 hold~dowm studs had pernitted the cylinder
to be separated bodily fron the crankeasc. It wes further evidont,
from the appecronce of the fractured surfaces thot on cach stud
a considerable paortion of the sectiosr had dbeen severed by o
fotipue fracturc. The cherccteristic markines of fatipue free-
tures arc plainly evidest on rhwtosriphs of the fructursd sur-
faces of the studs ot 6 Jinﬁ:-atc-rs magnifiestion, ploced in ao-
propriate positions on thc mhotograph of the flunge sent, Fizure 1.
The location of the origzin of ths fatizue fracturc or sneh stud,
according te the best estinmctc fthot eould be made Iroen the apneor-
ance of the markings, is indicoted by arrows on the photographs.
It is noteworthy thet sccording to thosc cstirmtes the frocturcs
on ecach stud, except No. 10, originated e-.‘c‘ or near that portion
of the circumfercnce of the stud closest io th'urc'ylindcr- slueve.
ITI. Details of Broken Studs

It wos desired, in order to nake more dctniled examinations
of the fracturcd studs, to raxove then fron the crunkensc, without

demase W the fracturced surfaces.  This was rendily seeomplished
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bv sawing into the croankeasce to, but nct into, the studs. The
Toliowing dota were obtoined by wvisunl cxamiﬁation of the portions
of the studs thus rumoved. Thoe studs are desiznated Ly number,

1 te 12, in a clockwise direction, storting ot the forward side

of the crankease,as shown in Figurce 1.

Stud No. Remarks

1 Fatiguc fracturc had progrosscd about halfwny
across the scetion., Ten full threads remained
in erankcase.

2  Fotigue fracturc had progresscd niores than half-
way across the section. Eleven full threads
remained in erankease. Thers wos o crack in
the thread groosve betwcen the first and sceond
thrends below the fractured surface.

3 Fatigue fracturc less than halfway across sce-
tion. Ten full threads rencined in erankeasc.
There was a crack sbout haifway around the cir-
cunference, in the thrond groove betweeon the
first and -svenul threads below thoe froctured
surfacc.

4 Fatiguc frocture leoss thor halfwny across the
seetion. Ten full fhrewads romained in eronk-
cose. No adlitisnal eracks.

5 Fatigue froceture nbout helfway ncross seetion.
Ten threads in erankecse. No additionnl eracks.

6 Fotiguc frocture more than halfway across sece-
tion. Frocture had occurred in nut, between
first and sceond thrond boyond rcduced section.
No additionnl crocks.

7 Fatigue frocturc well over halfwny across section.
Fracture had cecurrcd in nut, betwecen first and
second throend beyond reduced scetion. No ad-
ditional eracks.

8 Fatigue fracture ower halfway across section.
Ten threads remained in crankease. Wo additional
erncks.



Stud No.

Remarks

9 TFatigue frocture wcll over halfwmy ccross sce-

tion, Froacture had ccecurred in nut, between
sceond and third thread beyond reduced scotlon.
No zdditional eracks.

10 Fatigue fracture hrd progressed practically on-~

11

12

tircly across the scetion. WNine threads remnined
in erankeasc, No edditional erocks.

Fatigue frocture had progresscd over about 90
perecnt of scetion. Ton thrends remained in
eronkeasc.  No odlitisnal erccks.

Fatigue frocture hod progressed over about 90
percent of segetlon. Ten thrends remcined in
cronkense.  No rdditional croclks.

IV. Summary of Data on Broken Studs:

(2)

(b)

1 stud froctured bebween the 9th and 10th threacds
from botten of stud.

1 stud freetured betircern 11th and 12th threads fron
botton.,

7 studs fractured betweon 10th and 11th thrends fron
botton.

3 studs fractured in the nut.

Fatiguc froctures hed sewerod:

practically all of the ssetion on stud Wo. 103
noarly all ¢f the scetion on Nos. 11 and 12;

well over helf the scetion on Hos, 2, 6, 7, 8, and 9;

about half the ssetion on Wos, 1 and 53

less thm helf of the scetion on Nos. 3 and 4.

All of the fracturcs in the studs had oripginnted 4in
the bottoms of thread srooves ot or close to the
threads thot cmerped from either tho erankense or

the stud nut. The frocture in ecch stud thorofore



occurred in the region of maximum stress, in the

stud as a whole, with the added effect of stress

concentration due to the thread groove. As fatigue

fractures are stress fractures, there were no un-

usual features in the mammer of failure of the studs.
V. Possible Sequence of Failure in Studs

Some importence was attached to the sequence of failure of the
studs if this could be detarmined. As the cylinder flange was in-
tact, except for certain distortions, it was obvious that 211 12
studs were broken before the cylinder left the crankease. It is
unlikely, although possible, that fatigue fractures were progressing
in all 12 studs simultaneously.

Ordinarily it would be considered thet the studs on which the
fatigue fraciures had progressed farthest ceross the section were
the ones to fail first, and those with the least areas of fatigue
fracture were the ones to faill at ths end vhon sudden runture took
place bectuse the unsevored portions of the studs wers inadequate

to carry the normal iond. According to thic rea studs los.

)

cning,

10, 11, and 12 were the first, or among the first to fail; Jeos. 3, 4,
1, and 5 the last, or among the¢ last 4o faily while Nos. 2, 5, 7,

8, and 9 were intermcdiate. According to this seguencce the cylinder
would have becn loose on the side centzining studs 7, 8, 9, 10,

11, and 12 while it wes still held to the crenkeasc on the sids with

studs 1, 2, 3, 4, 5, and 6. This sequence of failure is a con-

jecture not subject to positive verification.
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VI. Exeminations of Unbroken Studs end EHcrostructure and

Hardness of Stud Material

The studs from the remzining 8 cylinders, except for 2 or
5 which had alrcady been removed from No. 5 eylinder seat, wore
unscrewed from the crankecase with & 10-inch Stillson wrench apnlied
Tto the projccting portions of the studs, corrying the 5. A. L.
Threads. These studs were carofulily coxamined, after eleconing froe
of grease, with o binoeular microscope, at modernte magnification,
with particular attention to noting whether or not therc were any
erreks in roots of the threads. o cracks were found. The studs
were then etched lightly and again examined, by two observers, with
the samg result; no cracks were found in any stud.

The fnost uﬁusual feature about the failure therefore was the
fact that all 12 studs on %He. 6 cylinder were fracturcd, while the
58 s*l:,uds on the remaining 8 cylinders were inftoet, These ¢ircum-
stancces indicate that either the studs on Wo. & cylinder were dif-
ferent from the other studs; that the nubts on the studs of NO,' 6
cylinder wore not drawm up cgually with those on the other cylinders;
or thet the operating conditions in No. 6 cylinder were differont
from those in the other 8 cylinders.

The first of thesce possibilities was investigeted. A specimen
for motallographic examination and hardness tests wns eut frop the
lower c¢nd of cach of the failed studs, lezving the fractured surfuce
intoct.,  The representative microstructure on one of these studs is

b
i

shovn in Figure 2. This structure is typiezl of & quenchoed and
tempered alloy stecl. The appecrance of the nomnetallic inclusions

on the polished but not etched surface of this specimen is shovm in
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Figure 3. The microstructure and appeorance with respect to the
normetallic inclusions on the spocimons from the remaining 11 broken
studs could not be distingutshed from those showm in Figures 2 and
3. The sume wnos true for 2 speeimens from unbroken studs from
cylinders Nos. & and 8.

As the specimens were not suitably shaped for detei'minatioﬁs
ol Rockwell numbers, hardness tests were made with & Vickers Hard-
ness Tester, using a 30 Kg locd. - The Viekers numbers ranged from
326 to 341, with an average of 333. Rockwell C sorle numbers equi-
valent to the Vickers numbers renged from 33 to 35 with an average
of 34. On the two unbroken studs from cylinders 5 and 8 the Vickers
numbers were 328 and 330, equivalent to Rockwell € secale numbers 33
and 34. Rockwell tests wero madec directly on cne stud, chosen ot
random, from each of the 8 groups of unbroken studs. These numbers
ranged from 30 to 36, with an nverage of 32. As there wns 2 chance
for error in mking the Rockwell tests on the studs, tho slightly
lower average obtained by the Rockwell tests is not considered to be
significant. It was concluded, on the basis of the cxaminations made
that the brdken studs were not different, mctullurgically or
physically, from the unbroken studs.

Positive evidence indicating thet the nuts on cylinder No. 6
had or hnd not been drawn up the some £s those on the other cylinders
was not. availgble from eXeminotions of the parts concerned nfter the
failure. There was e definite impression of the eylinder flange on
the crank ease pad, Figure 1. This impression was more dcenly marked

in the regions of studs ¥os. 7, 8, and 9, and 1, 2, and 3, than in
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the regions of studs 10, 11, and 12, and 4, 5, ond 6., This condition
might be considercd to indicste thet cne or more o.f‘ the nuts on fhe
studs 7, 8, 9, --1, 2, 3 had been less tight then those on the cther
exis, 10, 11, 12 ~-4, 5, 6; permitting a rocking of the eylinder
thet resulted in the decper mrrkings on the crankense pod.  This
condition would n~lso have made the strusses higher in one or mere
of the studs 10, 11, 12 --4, 5, 6 than in the looscr studs, o con-
dition which could be rcooncilcd witﬁ the conjeeture that studs 10,
11, and 12 might have been among the first to fail. -_-’al-bhou[r,h it is
possible thet the impression of the cylinder flang,er on the crankesse
pad woes caused, in port ot lenst, by looseness between flrnge and
sent becnusc some of the nuts had beén insufficiently tightencd, it
is cqually possible that the battered conditiom occurred only after
some of the studs had been froctured, permitting the flemge to batter .
on the seat, |

Likewlise, thc appecronce of the seaﬁing of the stud nuts on the
top of the eylinder flange did not pernit cny dcfinite conclusions to
be mede thet eny of the nuts hnd beor less tight then ethers, befors
the foilures occurred. |

The distortions observed in the No. 6 eylinder flunge woere cruscd,
most likely, by the battering of the pistdn rgainst the cylinder skirt
after the cylinder had becn pushed out from the crenkease.

No indications of ony different operatinz conditions ir cylinder
No. 6 was obtained in the exeminations of the parts sulmitted.

There was therefore ne evidence to prove, or cven to indiente,
that cither the nuts on the hold=dowm studs o cylinder Wo. 6 had not

been tightened 1ike those on the other oylisder, or thet the operrting
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conditions in cylinder Wo. 6 were different from those in the
other cylinders of this sngine.,

VYIII. Summary and Conclusions
1. PFailure of the 12 hold=-down studs on Nc. 8 cylinder had
permitted the eylinder to be pushed out of the cronkease while the

engine wns in eperation.

2. Failure of-therstuds resulted from fotigue frocturss which,

on each stud, had scvcred 2 considorable portion of the swetion
bafore suddcﬁ comnlc te runpture teok place.

3. 1In each stud,‘tho fetigue fracture sterted in the root of a
thrend groove. In 9 of the studs the threed grocve in which tho
fatigue fracturc origincted wns the first or sceond groove in the
stud, boclow the surfacc of the flmnge scat on the eronkeasc. In
threc of the studs, Nes. 6, 7, and 9, the fatigue'fr&cturc started
in the nut in the first or svecond thread groove beyond the ro-
duced section on the stud. in ezgh stud the ernck had originated

thereforc et o point of localized moximun stress.

4. No ecracks werc found in any of tho studs of the other 8
cylinders romoved from the erenkeasc. Metullurgical cxemina-
tion snd hrrdness tests indiented that the meterizl of thoe
broken studs couldnot be distingii irom that of the intnet
studs.

5. No nositive cvideonce wis obtained that eny of the nuts on
the broken studs had been tightoned difforontly from thos« on

the unbroken studs, nor thet the owcreting conditions in Wo. 6
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cylinder were differont, boefore the £fidlure, from those in the
other eylinder., Tt is, howewr, o reasmnible assumption thot
onc or both of thaess conditions existed, in viow of the foet
tht all 12 studs on or-..: of the 9 cylinders fniled, vhere s no

cracks or failures occcurrc:d in 86 identical studs in the othor

B8 cylindors in thc sime engine.

6. Throod grooves in bolts or studs subjceted to ronerted or
vibratory stresses ore known o cause locnlized stress concen~
trations resulting in a lowring of tho cnduronec of the bolt
{from that indiented by f~tigue tests on smoothly machined end
polished specimens of the bolt matoericzl,

7. Therc a'r-e a numbor of wiys in which the damnging cffeet of
threcd grooves con be lesscrned:

(a) By grinding the thread grooves ns smooth ns possible the
domng ing cffeet due to struss coneentration is much less than in
machine cut thresds. The throecds on thos studs, both broken ~nd
unbroken, appecred to be s mooth os could be obtained by nny com-
mereially proctienble opor:tion of grinling

{(b) PRollud threads nre kmown to be less drmaging thfm o‘round-
or cut thresds. It is not belicved that rolled threads weuld
practical on thc type of steel used in these studs.

(2) Reducing the unthrended shank of a bolt or stud o a
diometer less than the root dinmoteor of the thrends is kmown to
change tho sftress distributior so ns to overcome, %o a corbein
extont ot least, the stress concentration E..J‘r,ct oft the thread

grooves. It is knovm that the moxzimm stress in the thr\,..ued



poftion of 2 bolt or stuld oceurs just ianside the peint of
cmargence of the thre;-r-cl- fron tﬁa nut, or mewber into which
the situd is driven. The roduced scetion on the studs sub-
nitted did not extoend into the erankense ﬁ_cr into tho nut.

L more officient design would ho o been obtrined by lengthun-
ing the rcduced scetion en these studs.

(d) The strcss concentrating cffect of thread grooves
of conventionnl desigm, U. S, Stmndard, 5. A. B., or other
similar dosighs, cin be lesscned possibly by threads of drasti-
cally differcnt design. At le.st one such design hus recontly
been roeommended for eylirder hold-down studs.

8. TImprovemcnts that might be obirined in the cndurance
strength (resistenec to failure under rementod stresses) of

hold~down studs or sinmiler tiweodcd narts, by chrnges in mo- -

turict or shone of the "stui", or by chunges in finish or
" El o)

dosien of the thresds, csn bo ewlunted gunntitatively bv

lnborotory tests on thoe zetual threaded ports.

E. C. Crittenden, Acting Director.

Lyman J. Briggs, Dircetor
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AIR SAFETY BOARD.  ~ -~ . = .
Civil Leronautics Authority - . .
FTashington, D, C, E

The ecrash of a Pan Amerlcan A:maaysl t-":_n-engmm “l,ymg Tmoat at_. Rio de
arsons aboard was attr'ibuted bv the sHir Sai‘et,,r Board to "loss of Dower i‘rom _
e left engine during the landing approach, necessitating an att.enp'bed 1andj_ng'
mi&r eXtrenely hazardous cmditions" in a report transmitied to the Clvll

ermautlcs Authority and made public today.

Lt

_The accident occurred after a scheduled air line fl:.gsd; from ”;La.,;s. t‘}rcmgh'
;1e West Indies and down the east coast of South imerica, the last leg of which
"as from Victoria, Brazil, to Rlo. The report said that the aircraft had eir~
1&@ over Rio and was making a normal approach to the seaplane landing area ad
mnmg the air line's Rio Bmse, in accordance vith the company'!s es tablished
@aratmg procedure, when it suddenly lost nower frow the left e,;gzne, j,raWed &
_he left, and started a descending turn in the same direetiom.

«‘(

The airplane caltinued to lose altitude and to turn at & sharper azxd stee‘
E _angle wntil it struck a caisson anchored at right angles to & small island
%re harbor immediately adjacent to its landing approach pa'bh. 411 four member:

the crew and ten passengers were fatally injured in the accic‘ent one pas-
mger escap:mg with serious and anotnar' with minor m*.,rlas. : -

Ample evidence was obtained during the &dir S_f"-'uj‘ Boardls 3_1f.restigat10n Q
‘the accident that the left engine suffered = sudden loss of poer ab a Grl't-lﬂu.l
time during the landing approsch, although, since availalbile evidence i,‘a:.le"
S*uppl,, any ccnelusive cxplanation for this loss of power, and 2 detailed exafl
nation of the engine, after disassembly, revealed no indication of struttural
ailure or mochanical defocts in flight, the repori stated that "the cavas
the loss of power from the left engine is unknovn," Seilors from the Tragl.
hattleship, idnas Geraes, anchored nearby, who immed 'azel“ SeTER or I‘D‘_"{‘& i
scene of the accident and participeted in Tirefighting and rescue aciivild
were praised by the report for having demonstrated Ma high degres of cour

A copy of the full report ié'attached,



